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The L10 FePt/Fe2B-type nanocomposite magnets with high coercivity have been obtained in the
Febal.Pt30–32B18–20 alloys directly by the melt spinning technique. The as-spun ribbons showed good
hard magnetic properties. The remanence, coercivity, and energy product for the Fe52Pt30B18 alloy
melt spun at a wheel circumferential speed Vs of 35 m/s were 0.70 T, 783 kA/m, and 88.0 kJ/m3,
respectively. The spring-back minor M-H loops were also observed for the alloy. The melt-spun
alloy has a nanocomposite structure, consisting of L10 FePt and Fe2B phases with the average grain
sizes of 40 nm. The good hard magnetic properties are interpreted in terms of exchange magnetic
coupling among the nanoscale hard L10 FePt and soft Fe2B magnetic phases. The present easy and
single step process of forming the nanocomposite magnet having high coercivity is encouraging for
the future development of Fe–Pt-based hard magnetic alloys. © 2006 American Institute of Physics.
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For the fabrications of high performance permanent
magnets and ultrahigh density magnetic data storage media,
Fe–Pt alloys have gained considerable interest because of the
formation of an ordered tetragonal phase L10 FePt,
which has an extremely high magnetocrystalline anisotropy
K=7 MJ m−3, high coercivity, and good corrosion
resistance.1–6 Recently, nanocomposite type Fe–Pt-based
magnets were also found to exhibit excellent hard magnetic
properties.7–10 In nanocomposite magnets, the sizes of both
the hard and soft magnetic phases are in the nanoscale range
so that the magnetic moments of adjacent grains are ex-
change coupled, leading to an enhanced energy product.11
The hard magnetic phase provides the high anisotropy and
high coercive fields, while the soft magnetic phase provides
the high saturation magnetization. In addition to this, such
type of magnets exhibits a reversible demagnetization curve.
We succeeded in fabricating L10 FePt/Fe2B nanocomposite
magnets by the melt spinning technique. The nanocomposite
magnets were obtained from the Fe–Pt–B amorphous ribbons
or a mixed nanostructure with amorphous and fcc-FePt
phases after subsequent annealing treatment, which resulted
in the formation of hard L10 FePt and soft Fe2B magnetic
phases with a minor amount of fcc-FePt soft magnetic
phase.12–14 The nanocomposite type permanent magnet has
some advantages, e.g., 1 low Pt contents, 2 good hard
magnetic properties, 3 high corrosion resistance, and 4
simple process for fabrication. However, the value of coer-
civity iHc obtained was in the range of 340–487 kA/m
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spun alloys15,16 or FePt polycrystalline thin films.9,17 As the
microstructure and the magnetic properties of melt-spun
magnetic alloys are strongly dependent on quenching condi-
tions and alloy composition,18–21 it is important to obtain
good hard magnetic properties through the optimization of
the above-described parameters in the as-spun alloys.
In this article, we report on the effects of Pt content on
the structure and the hard magnetic properties of melt-spun
Fe–Pt–B alloys. It is shown that adjustment of the processing
conditions and alloy composition can produce good
L10 FePt/Fe2B nanocomposite magnet properties in the as-
spun alloys.
EXPERIMENTAL PROCEDURE
Appropriate amounts of pure Fe 99.99 mass %, Pt
99.9 mass %, and boron 99.5 mass % were arc-melted in
an argon atmosphere to obtain the Fe–Pt–B alloy ingots. The
ingots with different compositions were crushed into small
pieces to accommodate the size of a quartz crucible used for
melt spinning. The nozzle diameter of the crucible was
0.5 mm. Ribbon specimens were produced by melt spin-
ning at a wheel circumferential speed of 35 m/s in an argon
atmosphere. The structure of the ribbons was examined by
x-ray diffraction Cu K and transmission electron micros-
copy TEM JEM-2010. Vibrating-sample magnetometer
VSM, superconducting quantum interference device
SQUID magnetometer, and B-H loop tracer were used to
study the magnetic properties. The density of the Fe–Pt–B
alloy ribbons was determined by the Archimedean method
using toluene.
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Figure 1 shows x-ray diffraction XRD patterns of the
melt-spun Febal.PtxB18–20 x=24–40 alloy ribbons. Broad
peaks of fcc-FePt phase can be noticed for Fe58Pt24B18 alloy,
suggesting that the as-spun ribbon consists of nanometer-
sized crystallites. The formation of a nanoscale-mixed struc-
ture consisting of amorphous and fcc-FePt phases has been
confirmed for this type of alloys by high-resolution transmis-
sion electron microscope.12 An increase in the Pt content to
30 at. % resulted in the formation of L10 FePt and Fe2B
phases. The amorphous forming ability decreases with in-
creasing Pt content,12 leading to the precipitation of L10 FePt
and Fe2B phases in the ternary alloy system.
22 With further
increasing Pt content to about 40 at. %, a Pt-rich phase
FePt3 is formed along with L10 FePt and Fe2B phases.
Figure 2 shows hysteresis loops of the melt-spun Fe–
Pt–B ribbons measured by VSM under a maximum magnetic
field of 1274 kA/m. The Fe58Pt24B18 alloy consisting of
amorphous and fcc-FePt phases showed soft magnetic prop-
erties with iHc of 61.4 A/m and a saturation magnetization
of 1.19 T. On the other hand, the Fe52Pt30B18 and Fe48Pt32B20
alloys showed good hard magnetic properties. The hysteresis
loops of the melt-spun Fe52Pt30B18 and Fe48Pt32B20 alloys
exhibit good squareness and high iHc. The remanence
Br , iHc, and energy product BHmax are 0.70 T,
783 kA/m, and 88.0 kJ/m3, respectively, for the former al-
loy, and 0.62 T, 761 kA/m, and 63.5 kJ/m3, respectively, for
the latter alloy. These alloys are also characterized to be
magnetically isotropic. However, the hard magnetic proper-
ties were reduced for Fe42Pt40B18 alloy with higher Pt con-
tent. The values of Br , iHc, and BHmax were found to be
0.46 T, 289 kA/m, and 27.1 kJ/m3, respectively.
FIG. 1. X-ray diffraction patterns of melt-spun Febal.PtxB18–20 x=24–40
alloy ribbons.In order to understand the origin for the good hard mag-
Downloaded 11 Mar 2010 to 130.34.135.83. Redistribution subject to netic properties of the melt-spun Fe–Pt–B alloys consisting
of L10 FePt and Fe2B phases, the microstructure of the
samples was investigated by TEM. Figure 3 shows the TEM
image and selected-area electron diffraction SAED pattern
of the melt-spun Fe52Pt30B18 alloy. The SAED patterns
obtained from different parts of the sample Fig. 3a are
same, indicates that the structure is crystallographically iso-
tropic. The SAED pattern also confirms that the structure
consists of L10 FePt and Fe2B phases, being consistent with
FIG. 2. Hysteresis loops of melt-spun Febal.PtxB18–20 x=24–40 alloy
ribbons.
FIG. 3. Selected-area electron diffraction pattern a and transmission elec-
tron microscopy image b of the melt-spun Fe52Pt30B18 alloy ribbon.
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structure with an average grain size of 40 nm is recognized
in Fig. 3b. By combining the XRD and TEM results, we
can conclude that the fine nanocomposite structure of the
Fe52Pt30B18 alloy consists of L10 FePt and Fe2B phases.
We measured the minor loops of demagnetization curve,
as shown in Fig. 4. Although the alloy consists of the two
magnetic components, the hysteresis loops shown in Figs. 2
and 4 are smooth, being typical for a single component sys-
tem. The high value of reduced remanence Mr /Ms0.68 is
also consistent with the predicted value for the isotropic per-
manent magnets by the Stoner-Wohlfarth,23 which is also the
evidence for permanent magnet effect that is expected from
exchange-coupled magnet.17 In addition, Fig. 4 apparently
shows a spring-back effect, which supports strong exchange
coupling between the hard and soft magnetic phases.11,24
From the structural and magnetic characterizations, it is in-
terpreted that the melt-spun Fe–Pt–B alloys made in this
study are nanocomposite exchange-coupled magnet, and the
good hard magnetic properties result from the exchange
magnetic coupling among the nanoscale hard L10 FePt and
soft Fe2B magnetic phases.
25 It is also noticed that the fur-
ther increase in Pt content like in the case of Fe42Pt40B18
leads to the degradation of the hard magnetic properties due
to the decrease in the volume fraction of L10 FePt hard mag-
netic phase which is associated with the formation of Pt-rich
Pt3Fe phase at higher Pt concentrations.
SUMMARY
We examined effects of Pt concentration on the
magnetic properties of melt-spun Fe–Pt–B ribbons. The
structure of the as-quenched ribbons changes from
amorphousfcc-FePt to L10FePt+Fe2B with an increase
in Pt concentration from 24 to 30 at. %. Further increase in
Pt concentration to about 40 at. % results in the formation of
L10 FePt, Fe2B, and Pt3Fe phases in the as-spun ribbons. The
melt-spun Fe–Pt–B alloys consisting of L10 FePt and Fe2B
phases have a nanocomposite structure and the average grain
FIG. 4. Demagnetization curve of the melt-spun Fe52Pt30B18 alloy ribbon,
showing minor loops.Downloaded 11 Mar 2010 to 130.34.135.83. Redistribution subject to sizes of the two phases are about 40 nm. The nanocomposite
alloys exhibit good hard magnetic properties with high iHc.
The best hard magnetic properties were obtained for
Fe52Pt30B18 alloy; the Br , iHc and BHmax were 0.70 T,
783 kA/m, and 88.0 kJ/m3, respectively. The good hard
magnetic properties are interpreted in terms of exchange
magnetic coupling between the nanoscale hard L10 FePt and
soft Fe2B magnetic phases. Our results demonstrate that the
L10FePt/Fe2B-type nanocomposite magnets with excellent
hard magnetic properties are obtained even in as-spun rib-
bons without annealing treatment.
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